Generation of platelet angiostatin mediated by urokinase plasminogen activator: effects on angiogenesis.
Angiogenesis, the growth of new capillaries from pre-existing blood vessels, is regulated by a balance between its promoters and inhibitors. Platelets are an important circulating store of angiogenesis regulators. We have previously identified the angiogenesis inhibitor angiostatin in human platelets. To identify the mechanism of platelet angiostatin generation and its pharmacological regulation. Platelet aggregometry, flow cytometry, Western blot, zymography, immunofluorescence microscopy, matrigel-induced angiogenesis of human umbilical vein endothelial cells (HUVECs), and a panel of selective proteinase inhibitors were used to study the mechanism of angiostatin generation by platelets, its pharmacological regulation, and effects on angiogenesis. Release of pro-MMP-2 by HUVECs was also used to quantify angiogenesis. Platelet membranes were identified as the site of angiostatin generation from plasminogen. Generation of angiostatin by platelet membranes was not affected by a matrix metalloproteinase (MMP) inhibitor, phenanthroline, but was inhibited by serine proteinase inhibitors aprotinin, leupeptin, plasminogen activator inhibitor-1, and selective inhibitor of urokinase plasminogen activator (uPA), uPA-STOP(TM). Angiostatin generation by intact platelets was inhibited by aprotinin, and the resulting incubate promoted angiogenesis to a greater extent than incubate where angiostatin generation occurred. Furthermore, HUVECs incubated with reaction mixture, where angiostatin generation was inhibited, released more pro-MMP-2 than HUVECs incubated with supernatants, where angiostatin generation occurred. We conclude that; (i) platelets constitutively generate angiostatin on their membranes; (ii) this mechanism is dependent on uPA, but not, MMPs; and (iii) inhibition of platelet angiostatin generation can further promote angiogenesis.